>■” ■ ...^. ' y._ 

;?|vv-io£ stress-inducing factors in the promotion of hypertension, *’K' 

which is followed by cardiovascular and' other lesions. 

• -... The experimental models to be employed in these studies 

will be designed to effectively control # or to introduce stress, 

• ranging from a completely serene situation to a rigorous psycho- 
social environment that is known to produce hypertension and 
’yV "cardiovascular lesions, and simulates in a controlled way some 
vi.^.-of the varieties of stress experienced by man in his present. 


"^’ "society. . r - ■*-. 

•>*; Various physical, biological, and chemical factors will 
iiSr’be. superimposed upon this controlled environment in order to 
f&>V.-examine their various individual influences, together with possible 
Tl/-"* synergistic effects of stress in combination with chemical and 
! other environmental factors. ' *' , ' 
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a) How do pertinent’ dietary al terati ons influence the onset, progression, 

control, and-possible reversal of atherosclerosis? > : \*. : . v \ .. : v V' 

-V..: ;;;' ’ y -‘ - ‘ \ - .‘vv: /, y - -,J> . 1 

b) Having established the influence of controlled social stress upon 
hypertension and the pathological sequalae, what are the synergistic in¬ 
fluences of adding the effects of tobacco smoke, tar, CO, N02 j* nicotine, 
caffeine, etc., upon the.usual course of cardiovascular disease? It may . 
be noted that the population cage complex can be designed for gas and - 
aerosol intrusion without introducing the concomitant factor of stress 
associated with abnormal confinment or restraint. */ «.::?■ *• y \ m ‘* > .■ 

,c) Is there a synergistic role of benign or pathogenic viruses and other 
infectious agents in promoting: atherosclerotic and cardiovascular and 
renal pathologies? *’*. ' ** / . ; y... yy....• y . ‘ 

. Current studies in our laboratories have demonstrated the capabili:-* 
ties of a benign virus for inducing plasma corticosterone elevation, 
lymphocytopenia and thymus involution* These influences appear to be 
indirectly caused by physiological 1 stress by way of the pituitary- 
adrenal-corticosteroi d pathways, rather than by a direct viral attack 
upon thymus tissue. Inasmuch as such physiological effects are also 
incriminated as etiological factors associated with the experimental 
psychosocial stress-mediated hypertension, renal lesions, and cardio¬ 
vascular pathologies observed in mice, and presumed to function in 
human beings, it would be appropriate to examine the possible role of 
such infectious agents in this category of disease* Figure 3 illus¬ 
trates our observations of the induction; of high levels of plasma 
corticosterone following the intentional infection of mice with a be¬ 
nign, ubiquitously distributed murine agjent, the LDH-elevating virus* 


; r ■ 
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iThis. jreagenC is mixed fresh daily. . . '.*•?•.:. •’>V' t; "■• • - <b '■• 

*■ r. >-. Procedur e. Aliquots of 50 pi of plasma or working standards of cortico¬ 
sterone (or cortisol) are pipetted into reaction flasks followed by 50 pi 
of water. Volumes of 650 pi of chloroform are then added to each flask from 
';a repetitive pipette dispenser. The flask is'stoppered and mixed on a-vortex 
mixer (in groups of four)- for 60 seconds to extract the corticosterone. 

•After centrifugation (1 rain) and removal of the aqueous layer by controlled 
^ vacuum* aspiration with* a glass capillary, 100 p(L of 0.1 N NaOK is added, the 
^flasks vortexed for 15 seconds, centrifuged, and* the aqueous layer again ■ v. 
^removed. An aliquot of 5Q0 1 pi of the chloroform solution is then- transferred- 
>. to another reaction flask containing 400= pi of the acid-alcohol reagent ’•* •/ ■ 
-(prepipetted before the extraction procedure is started). After 30 seconds 
.of vortex mixing, followed by- centri'fugation, the upper chloroform layer is 
"removed by aspiration and the total acid-alcohol volume transferred to a 
6 x 50’mm Pyrex culture tube cuvette. The fluorescence is allowed to develop 
at room temperature (22 to 23°). Readings are taken at 80 min and* again at 
90 min, starting from the time when the chloroform solution is mixed with 
'. the acid-alcohol reagent (in a Turner Model 111 fluorometer fitted with 
* a micro cuvette adaptor) , A general purpose lamp (//11G-850) plus Turner 
.2k and 47B filters provide a 436 nm excitation beam. For the emission 
"wavelength a 2A-12 filter is used, ' ’ ■ *7 



■: ' Calculations , tte have determined that a fluorescence reading (corrected 
for blank) that is linear with concentration is obtained when samples of 
corticosterone varying from 50 to 800 ng/ml are assayed by this procedure. 

; Therefore fluorescence units from plasma samples are converted to eoncentra- 
tion units by multiplying by the constant derived from*the foregoing relation- 
: ship. In addition, the standardization is constantly monitored by analyzing 
• duplicate samples of corticosterone standard with each 12-sample batch that 
is processed. Two of the samples are water blanks which are then used to 
, %: correct the other sample values. 
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^^te^i^^Principal Investigators:,'. .MAY 2 7 ?$F4 /> \ 

|^S^%TDr/Vernon Riley, D.Sc., Chairman, Dep artnenfcJoFmcribiology 

Member, Frecl Hutchinson Cancer Research 

■ ..•■■. .■ • ”• . " - V;:.. Center. ' ■ •>. •• ' . ”•••..• 

Dr. George A. Santisteban, Ph.D., Senior Biologist, Department of 
'■. . "• Microbiology. ‘ . :) 

’ .. .. Professor of Biology, Seattle 

... ‘ " 

Dr* Darrel H. Spackman, Ph.D. 


/.:/ - *> •; V 


. I. ..o,' ’ 

• 2 . 


University. 

Affiliate, Fred Hutchinson Cancer 
• Research Center , • :• . 

Senior Research Biochemist, 
Department of Microbiology. 


Institution 8 Adress: 


PACIFIC NORTHWEST RESEARCH FOUNDATION 1 
1102 Columbia Street 
Seattle, Washington 98104 


3. Departments where research will be done or collaboration provided: 

■ •-• I-.' Department of Microbiology, PNRF ^ ; . 

• ’ Department of Biology, Seattle University ■ : ' 

■■mm*'.-' • . . ... j;." *-•••: • •• * r • 

Short title of study: ‘ • '"", . ' , *>;.'". '."Sj&i.- 7 S'*‘' r * •, 

A SMALL. ANIMAL MODEL FOR THE STUDY OF FACTORS ASSOCIATED WITH 
HYPERTENSION' AND CARDIOVASCULAR DISEASE. 


,- r ’L-' 


5. Proposed starting date: June 1st, 1974. .* -;r.• '•.• 

6. ' Estimated time to complete: • Two years. ,. • • 

‘ -7. Brief description of specific research airms: . . 

- :v A small animal model will be utilized to investigate the 

' etiological role of a variety of experimental) parameters } in the' 

• induction of essential hypertension, renal lesions, athersclerosis, 
and other manifestations of cardiovascular disease. 

An important aspect of the working hypothesis of this project 
will be the strict control of environmental factors. This can be 
accomplished in a practical way only through the use of small animals , 
preferably genetically defined mice. 

» Information presently available, through data produced by our ' 

laboratory and others, demonstrates the vital role of various forms 

♦ V. ‘ ' * * 
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ifIn analyzing tissues for free and non-protein hound amino acids, one 
significant problem is what to do with gluuathionc. Although absent in 
plasma and urine, both the reduced (OSH) and the oxidized (GSSG) forms are 
present in various tissues and : red blood cells. They chromatograph as 
separate peaks, and interfere with the chromatography of other amino acids. 

..The GSSG peak is broad and overlaps, several amino acids using either the ' . 
sodium citrate buffer system (25, 44) or the lithium citrate system (D.H. 
Spackman, per. obser.) for chromatography of acidic and neutral amino acids. 

In the lithium buffer system, used for our analyses,.GSH partially overlaps 
.aspartic acid. Although GSH is normally absent from mouse plasma, any 
•. hemolysis of red cells (which contain GSH) before separation of the plasma 
. will introduce this peptide into the plasma fraction. This is potentially 
serious in asparaginase therapy studies where accurate measurements of aspartic 
acid are needed. An effective method has been described (25, 44) for removing 
.. GSH and GSSG by conversion to- the sulfonate, but this procedure is rather 
time-consuming and; thus does not readily lend itself to schedules involving 
the preparation of multiple samples. Preliminary experiments have been 
undertaken and it is expected that we will be able to accelerate and improve 
this aspect of sample preparation. 



• Very- few studies have been made’ to systematically- investigate the detri¬ 
mental effects of delays or of various procedures upon the integrity of the 
sample to be analyzed. Neither have critical studies been completed to 
determine the effects of both short-term and long-term storage of samples 
awaiting analysis.. One report has shown that both asparagine and glutamine 
decrease in concentration following storage of frozen, non-deproteinized 
plasma samples, and that cystine is- completely lost after seven months; storage . 
of such samples (38)'. Our own results show that most of the cystine is 
lost from plasma samples in as little as 2 or 3 days of storage at 4o. 

If asparaginase is present in the plasma, one hour of storage at 4°, or 24 hours 
at -20° will causa severe losses (50 to- 95%) of both' asparagine and glutamine. 


i 




• There is little doubt that the amino acids in deproteinized' samples are 
much more stable than they are in plasma. A few analyses have been made 
in our laboratories to. determine time-course changes in the acidic and 
neutral amino acid's in samples prepared from mouse plasma. These samples 
were analyzed when freshly prepared! and again after 21 months of frozen 
.storage (at -20°' for 12 months and -800 for 9 months). The average changes 
.from four such samples are. shown in Table IV. These data show, that while 
most amino acids are quite stable, some changes do’ take place. The greatest 
■percentage change of those listed is for asparagine-. / 
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3* Determine the changes m plasma end tissue amino acids produced by ele- 
^,vatTons of adrenal corticosterone:. These amino acid studies would be carried 

• out following experimental injections of corticosteroid*s as well as a part of 
long-term psychosocial, hypertension studies using the population study cages. 
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Adrenal corticosteroids have several specific influences on carbo¬ 
hydrate and amino acid metaboli sm> including a gluconeogenesis from 
amino acids. The latter may result from an increased availability of 

• amino acids because of the inhibiting effect of adrenal cortical steroids 
on amino acid incorporation! into proteins. Specifically, protein syth- 

. esis Is inhibited in muscle and other tissues at high hormonal levels. 
"/Presumably, adequately high levels woul d- be obtained under stress. Since 

• protein degradation: in the same tissues is continuously occurring, there 

: - is 'a net loss of amino acidis resulting in tissue wasting.- Metabolic oxi - 
^ . dation of these amino acidis would thus lead to an overall negative nitro¬ 
gen.balance. Under such conditions plasma free amino acids would be ex- 
•\* f pected to be elevated. . * ■* /. ‘ ’ :• 

' The. foregoing mechanisms may explain the observations made by Henry, 

et.al. (2) that in psychosocial stress there seems to be a more rapid loss 
t . : or* wasting of body proteins (thin skin, etc.). Such mechanisms may also 

be associated with the elevated blood-pressure and obesity observed with 
Cushings Syndrome (glucocortcoid elevation) (U)> end Conn's Syndrome 
(aldosterone elevation) (12):. 

4. Determine whether any cortisol, in addition to the predominant cortico- 
.sterone, is present in mouse plasma, ei ther* normal 1 y or as a result of severe 
chronic stress. ’ 

. It has been established that the only circulating 17-hydroxycortico- 
steroid in the rat is corticosterone (20). Cortisol apparently is not 
; ’ present. We intend* to make such a determination in the mouse. This in- 

;■ V formation is of some importance, for on the one hand, cortisol gives 

only one-fourth the fluorescence in assay procedures as does cortico-.’** 
sterone, but on the other hand, cortisol is many times more active than 
corticosterone in most of its physiological effects, including thymus 
involution. Thus small amounts of cortisol would be difficult to detect 
during assay and yet, if present, couldi account for a significant part 
of the total physiological effects observed in association with stress. 


. . *5* Initiate stud'ies to answer the question as to whether the control of 
. diet can retard or prevent the progressive hypertensive and cardiovascular 
/changes resulting; fromi psychosicial stimulation and stress. 

Our plasma and tissue amino- acid studies may give valuable clues 
\ " in this direction. For example, if certain essential amino acids were 
to be found in low concentration, dietary supplementation could per¬ 
haps improve overall protein formation, and thus improve the overall 
general heaith of the host. Ratios of essential to non-essential amino 
acids also can be a useful index of general nutrition ('21)'. 

6. Following the establishment of optimal conditions for measuring the 
various parameters associated wi th. progress! ve development of hypertension 
and cardiovascu1ar and renal lesions, this small animal model and its physi¬ 
cal devices may be employed in a variety of experiments to examine the follow¬ 
ing questions. 


. s 
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yvj^f conticosterone was developed in our laboratories specifically for use V, 
^;r//* 7 with the smaVl samples of blood which can be obtained serially from mice 
by using: the rapid and convenient orbital bleeding procedure. •' 

;2. Expand the psychosocial stress studies initiated in our laboratories by 
On. Sant.i ; steban (2, 3)> using specially designed population study cages, and 
'correlating such 'dermal 11 stress factors with progressive essential 1 hyperten¬ 
sion and arteriosclerotic changes in the heart, kidney and aorta. 

■’^Y- vf^ : Our search for\ an explanation of the mechanisms responsible for the 
KJ : 'v. ; above phenomena has led us into consideration and' examination of the hor- 
monal and neurobiological aspects of the defense alarm; responses* Evi- 
dence of increased activation of the sympathetic nervous system and both 
components of the adrenal gland has been obtained, Thus*in our chronic- 
slly sociatized mice there have been shown to occur increases in blood 
v/;; levels of catecholamine biosynthetic enzymes, epinephrine and norepi- * 

• vy.J'v nephrine (2, 7)* Also, we have observed involution of the thymus and 
V’fV; depletion of adrenal cholesterol and ascorbic acid (8). Preliminary re- 
SV. suits also show a definate elevation in plasma levels of corticosteroids 
during social stress* '•« £*. . *-v ’* 1 ’ — • v ‘\ • • * •• ■ . 

^ ■ These results are in accord with human studies which have shown that 

persons undergoing*typical defense alarm stimulation have increased levels 
< >;• of 17-hydroxycorticosteroids (17-OHCS) (9); whereas a fall in 17-OIICS 
*: J levels occurs in- response to soothing, relaxing inputs (10)- Clinical 
Conditions character!zed by high blood pressure and high levels of 17- 
; s /. OHCS* include Cushing's Syndrome, in which there is an excessive produc- 
tion of glucocorticoids (11), and Conn's Syndrome, where there is a high 
blood level of aldosterone (12). Treatment of adrenal cortical deficient 
\ . patients with large amounts of 17-OHCS leads to an increase in blood* 

pressure. Conversely a drop in blood’pressure is characteristical 1 y ob¬ 
served in*Addison's disease and following adrenalectomy (13)* Finally, 

' * T : hypertrophy of the. adrenal cortex is often observed in animals under- 

9°^ n 9 chronic stimulation (14). Thus it appears that the pituitary-adrenal 
cortical system is intricately involved in the induction of hypertension 
by acute and chronic social stress. , -.*!■-V* 4v / v : v > v 

V. \ . ‘ . *V. *• "**• ' j\ V 5* *.*’•" ** *' ■■ ' *• • 

-■. j t . > ■■ * '*v . * ■ ** # 

■ Our studies on the sequence of pathological changes occurring in the 
••^3^heart, blood vessels, and kidney in socially stimulated hypertensive mice 
’ (2), support the reports that at high blood pressures the walls of the ■; 

■I small arteries deteriorate and: tissue nutrition fails due to a developing 
obstruction in blood supply (1*5-, 16). In the heart, the vascular damage 
impairs the blood supply to the myocardium, which, with the progressive 
elevation in blood pressure, has a progressively increasing work load. 

In the brain there results an ever-increasing risk of death or disable- 
■ . ment from brain hemorrhage. In the kidney the vascular derangement leads 
to the development of glomerulonephritis and, less frequently, to pyelo¬ 
nephritis (17, 18-). With increasing obstruction, there is a progressive 
elevation of blood; pressure. If the rise is rapid and severe, it wi 11 
be associated wit hi an increased! renin production and: the result i-ng ele¬ 
vation in blood pressure can lead to levels in-excess of 200 mm Hg in a 
matter of weeks. This can be fatal within a few months unless it is 
controlled by surgery or by the use of drugs (17> 18, 19)* 
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'-.Popu I at i on. Study Gaqc for the Study of Psychosocial Stress. This con- 
consists of a system of interconnected Lucite boxes which allows free inter- 
'^F^commiin i c a t f oij but also forces the animals to come into contact with each other 
a central area which thus becomes a "behavioral sink", as described by 

• Calhoun (22). In the central area there, is a hexagonal pen topped with a 
quarter-inch wire mesh cover from whichi are suspended a feeding basket and 
tubes from two watering bottles. Six plastic runways (1 1/2" X 6") radiate 
from each side of the pen, each leading into a standard "shoe box" type cage. 
Each box is covered; by a removable quarter-inch wire meshi lid. There are one 
‘and one half inch plastic tubes interconnecting, all adjacent boxes. In this 
• ? i^f^/isystem t’he animal's may move from box to box by way of the 1 peripheral runways 


•■'W^-system the animal's may move from box to box by way or the peripheral runways 
’i2^|*;i^ ! Vand into the central pen from any of the peripheral pens. Studies of the be- 
havioral and adrenocortical and blood pressure responses of animals kept in 
\S^^§.;this life system show that the animals in these pens develop a sustained 
•&&& hypertension (2), and'an elevated adrenocortical stimulation (8). These re- 

sponses are particularly marked in males. It has already, been shown that ani- 
• mals raised in isolation are more sensitive and more likely to develop arterial 
’hypertension when placed in this apparently socially stressful' situation. 

■ :!H .The construction of a population study cage is shown in Figure 5. , ' 



FIGURE 5 
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and related compovuuls, has been the picric acid' method (38). 

This method is objectionable, however, because- of the length of time and . ’ ’ ; - v 
significant manipulation required for the operation. Other widely used methods 
have made use of sulfosalicylic acid (SSA) (39~4'2) although trichloroacetic . 

acid, phosphotungstic acid, and periodic acid have also been used for this *, 
purpose. Another method makes use of low sample pH and ultracentrifugation 
for a partial removal of sample proteins (40). Ultrafiltration has also been 
used (38, 43) * * • , , ./.* - * 

■ Because of the.limited volume of mouse plasma available for amino acid 
•analysis, we have developed methods which allow all of the plasma sample to 
.be utilized in producing the.final deproteinized’ sample. For these purposes 
sulfosalicylic acid> has been selected; as the protein-precipitating agent . 

of choice. Sulfosalicylic acid solutions have been used at several different 
concentrations and total volumes for the deproteinization of physiological 
fluid samples. Our investigations show that significant errors can be in¬ 
advertently introduced in most of these methods dUe to failure to obtain total 
recovery of the amino acid's at each step in preparing the sample. We have, 
therefoi-e, developed a reproducible, effective method designed to eliminate 
“these errors. It utilizes plasma samples of 1 ml or less and does not require 
volume reduction of the deproteinized sample prior to analysis on the amino 
acid analyzer. The pH of the sample is carefully controlled in order to give 
the most efficient precipitation of proteins during preparation without destruction 
of labile amino acidls, and 1 to give optimum, reproducible chromatographic placement 
of pH-sensitive amino acids during the analysis. After the initial precipitation 
and removal of supernatant, the remaining precipitate is suspended and extracted 
three additional times to= give better than a 99% recovery of all free amino 
acids originally in the plasma sample. 

- . Inasmuch as the circulating, amino acid pool in vivo represents a host 
equilibrium'between influx, clearance, enzymic alterations, and* perhaps other 
physiological events, it is apparent that important changes in certain amino 
acids will occur in blood removed'* from the host if the samples are not obtained, 
processed;, and; stored- under conditions designed specifically to prevent such „ 
••alterations. For example, rapid changes would be expected to occur in aspara— 
gine concentration in- the presence of asparaginase. Appropriate sampling 
procedures have, therefore, been developed to minimize amino acid alterations 
during both the collection of blood and the processing of plasma samples for 
amino acid analysis. . .* . *' -V *’• • ‘ 

- Essential elements of these procedures include keeping the blood samples 
cold during processing, reducing, sample preparation time to a minimum, and 
precipitation of plasma proteins, including all enzymes, as rapidly as possible 
afUer the withdraw, all. of the blood sample. •■■'". 


One or more separate blood samples of approximately 0.2 ml volume are 
removed from each mouse by the orbital bleeding technique using disposable, 
heparinized bleeding tubes. The actual bleeding procedure requires only a 
few seconds. After filling, each tube is quickly stoppered and plunged into 
an ice bath, chilling the blood immediately to 0°C. The blood samples are 
centrifuged at 0°C, and the cold plasmas are transferred immediately into . 
pre-weighed, disposable tubes containing the protela,precipitating agent. 
Thus, all plasma proteins are removed from solution ad the earliest possible 
moment and the enzyme activities are terminated'. 
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../.laboratories, and will be used as required. Female mice between. 6 and 12 * ;*■ 

^;W^ eeks of age, weighing 18* to 22 grams will be generally employed. * All’mice 
recei ve d from breeders are placed under close observation for a period of 
weeks for signs of any*.respiratory or other diseases or other evidence of 
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Vivo represents a host equilibrium between influx/ clearance > enzymic / 
^^V^-^alterations, and perhaps other physiological events, it is apparent that / /W* 


/^/i/vlosses of certain amino acids will occur in blood removed from the host if 
. , "^. ! v : //'/the samples are not obtained, processed, and stored under .conditions designed 
Specifically to prevent such losses. .For example, rapid changes would be 
.‘ ‘expected; to occur in- plasma asparagine concentration during the administra-\ 
of asparaginase, which has. a specific effect on this amino acid. * / 

v/*‘*'Appropriate sampling procedures, have, therefore, been designed to minimize 
•, amino acid alterations during bleeding and the further processing of 
plasma samples for amino acid analysis (50), . / 

Essential principles of these procedures include keeping the blood 
’?^v* v -// : samples colds during processing, reducing sample preparation time to a ; * 

///■■,minimum, and* precipitation of plasma proteins, including all enzymes, as 
rapidly as possible after the withdrawal of the blood sample. *■-. „ - 

Blood samples, of about 0.2 ml per mouse are removed form- 4-hour fasted 

• mice by the orbital bleeding technique (51) using, pre-chilled, disposable, 
heparinized bleeding,, tubes * The actual bleeding procedure requires only . 

... a few seconds; the tubes are* then quickly stoppered and plunged into an k 
Tice bath, chilling, the blood immediately to 0°C. The blood samples are. 
//centrifuged at*0°C, and the cold- plasma samples are transferred immediately 
y/ into pre-weighed, disposable tubes containing the protein precipitating ./■;: *. 
/-agent. Thus all plasma proteins, including exogenous asparaginase, are 
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1:/,’ removed- from solutions at the earliest possible moment and all enzyme ; ’/ 

/^'/'activity is terminated/ .// . . '■*. .... „v . ’ ti ; / * *.*•/>:.^ /•*; 

.-*.*,/. •**■. -- , / ///■/:// ' / '/”> 
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'" r " * llrri tip anrl Tis.qiif- ^innlp.q. Tlrinp fiawnil eK are rnl l or tprl hv induced o* : 


Urine and Tissue Samples . Urine samples are collected by induced 
:/ voidance as needed^ and also in special metabolic cages for 24-hour collec- . 
; -tions. Organs and tissue samples will be removed as rapidly as possible 

• v from decapitated mice. These samples will either be homogenized, deprotein- ./ 

* ized, and further prepared for analysis immediatelyor will be quick- 

'frozen on dry ice for short periods of time until such preparation can be 
conveniently carried out. Healthy young adult mice will be used as a 
source of normal tissues, organs, and fluids. For tumor tissue, firm, 
non-necrotic portions of the rapidly growing tumor will, in general, be 
selected. '* - ■ 


■y t. ■ ■> ,i ’, 


Methodological Improvemei^ts 


Extensive developmental work has been, carried out by the Principal 
Investigator in the general, area of amino acid- analysis. The original 
description of the "automatic 111 amino acid analyzer was published in 1958- 
by Spackman, Moore, and Stein (24, 25); associated methods of chromatography 
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8. WORKING HYPOTHESIS 
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Recent developments in the epidemiology of essential' hypertension and 
cardiovascular disease place increasing emphasis on the etiologic.role of 
psychosocial stimulation and stress. Some investigators assert that such 
psychosocial stimulation resulting, in. a defense alarm response constitutes 
a significantly more important factor than obesity, diet or exercise (1). 



.... In work carried out in our laboratories and elsewhere (2, 3)* there 
has been induced in an isogenic strain, of mice (CBA), sustained arterial 
hyper tens ion which was accompanied by degenerative changes in the myo- 
cardium, coronary blood vessels, aorta and kidneys. This resulted from 
subjecting the mice to prolonged and repeated social interaction in a 
special population cage under control 1ed'dietary and^ environmental con¬ 
ditions. Under these conditions there also occurred; an accelerated physi¬ 
cal deterioration of the males, a reduction in the size of litters, and a. 
failure of the females to raise their young. 
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The working hypothesis is that the above observations may be either 
directly or indirectly attributed, for the most port, to the occurrence of 
f disproportionately elevated, prolonged 1 and repeated defense al arm arousal s, 
with a consequential activation of the sypathefcic-adrenal medullary, and 
pituitary-adrenal cortical systems* Current studies in our laboratories 
implicate the pituitary-adrenal-thymus axis as a major factor, • .■ 

The overall objectives of our proposed research are to gain a greater 
understanding of the biochemical and biological mechanisms whereby psycho¬ 
social stress leads to hypertension and cardiovascular disease in mice* An 
expanded knowledge of such physiological mechanisms in a small animal model 
Will offer obvious advantages to subsequent studies in the human* Additiona 
aspects of our objectives are to develop-or improve the methodologies and 
techniques needed’ to establish the mouse as on optimal smalil animal model 
.‘ that may be employed to facilitate studies concerning the etiology and con¬ 
trol of cardiovascular diseases and related pathologies. ., 


BACKGROUND 


■/,:* * *• " . r-t ' r v ' ~-' i *7 : v-;V* f • u j*, •• r,* •* I 


Studies in the past have firmly established that a variety of stressful^ 
•events experienced by laboratory animals or humans will produce a corresponding 
elevation of plasma adrenal corticosteroids. The results of controlled in¬ 
jections of corticosteroids has also been investigated. For exampie the re- 
. lationshrp between injections of high, non:-physi ol ogica 1 doses of cortico¬ 
steroids and subsequent involution of the thymus is firmly established (4). A 
concomitant destruction of circulating lymphocytes (T-cells) 1 usually accom-^ 
panies such thymolytic effects. In considering the question of the signifi¬ 
cance of these events upon the physiological competence of the host, such ex¬ 
periments have beeni questioned on the basis that the corticosteroid injections 
used to produce thymus involution have been selected to produce an approxi¬ 
mate 50-fold^ elevation in plasma corticosteroid and thus far above expected 
physiological levels (5). • 

The potential! importance of this question bears not only upon the etiol¬ 
ogy of hypertension and cardiovascular disease but also upon the immunological 
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"Spokane College, Spokane, Washington A:B. : 1935 , Biology *\ 

♦George Washington University : # •' \ _ Biology " ■ •• ‘ -t.'*. 

’University of Paris (Sorbonne ); France D.Sc. 1966 * Microbiology 

■ HONORS *’ * ■ . 

Doctoral Thesis, Ires Honorable, (Sorbonne); Fellow, Mew York Academy of Sciences; • 
Chairman, International Pigment.Cell Conferences; National Member, Society for Experi¬ 
mental Biology and Medicine. . : . ‘ * _■ _ 

WAJOR RESEARCH INTEREST ROLE IN PROPOSED PROJECT 

Basic physiological precesses involving Collaborator—Department Chairman 
*cell biology, enzymology, and virology. •' .■ _■_ ‘ _ 

•• ———i— ■- . ■■ .— — ." ■ * * ■ ■ ■ — - - 

RESEARCH. SUPPORT (See instructions) ‘ 

.National Cancer Institute General Support Grant, Pacific Northwest Research. 

' Foundation, Department of Microbiology. .. - /•; . ’ 


NCI CORE GRANT for the Fred Hutchinson Cancer Research Center. 


I?’ RESEARCH and/or. PROFESSIONAL EXPERIENCE (Stnritot « with nrrsrnt. position. list, <rni„,,, £ nnd experience retcvnnt to nrert of 

project. incUtdihf* to*chh'd and clinical rcxponsihitiilv*. List sit or most *cpte&rntnt*ve tHthtir/if'Hutx, 7 .Vt v ■ 7 V J l , - i . • * * 

Chairman, Department of Microbiology, Pacific Northwest Research Foundation,' Seattle, 

&*'.*. J • Washington, September 1967 to present. ■ >r ... *,7 \;-ii ;b-. 

Member, Fred Hutchinson Cancer Research Center, Seattle, Washington 'June 1973 to present 
•' Full Professor, Experimental Animal Medicine, University of Washington School of Medicin* 
Seattle, Washington (Affiliate), June 1971.* ■/ 1 

.♦•Head of Section, and Head of Laboratory, Division of Experimental Chemotherapy, Sloan- 
Kettering. Institute for Cancer Research, Rye, New York, 1954-1967; Assistant, 
1954-1960, Associate, 1960-1967. * ’**'• . * * 

Biologist, National. Cancer Institute, National Institutes of Health, U.S.P.ll.S., 

Bethesda, Maryland, 1943-1953. • 

Senior Research Assistant in Chemistry (Oceanographic Laboratory), University of 
Washington (Fermentation. Research), 1937-1940. 

Assistant Bacteriologist, llollisfcer-Steir Laboratories, Spokane, Washington 1935-1936. 

The above experiences included 5 years training in quantitative virology willh W. Ray 
Bryan (NCI) , and 5 years, training in enzymology- and cellular metabolism with 
Drs. Dean* Burk, Mark Woods, Jesse Greens tein, and* Otto Warburg. 

■The- principal investigator was a" visiting scientist with Prof. Charles Ohcrling, 
ViLlejiuiC, France, 1959 ! ; and with Prof. Raymond L.atarjcl; and Dr. Robert 
Cramer, Laboratories Pasteur de l f Institute dc Radium',* Paris, I960 1 . 

The principal investigator received his doctorate in microbiology undter the Nobel 
laureate, Andre LwofC, "Pasteur Institute and University of Paris. 
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were also described (20) . Further developmental studies ffotr increasing the ' 
’ s°ph 1stication of the instrument were carried out at the Spinco Division 

;£££& : of Beckman'Instruments, at the University of Washington, and at Pacific 

• -./‘Northwest Research Foundation* Foliowing the introduction of the automatic 
r . amino- acid analyzer, improvements have been made in several ways through 
' * the efforts, of several investigators. Analyses have been accelerated, thus 


olution (33, 34).' 




f■’ ..^‘Recent improvements have been made in elution procedures utilizing lithium 
buffers rather than sodium buffers for the analysis of acidic and neutral • 

: - a^ino acids (27, 35);, By the use of these buffers, asparagine, for the first 
■■ ir-fitii.;.'- ru.‘‘ time, has been separated from glutamine in an overall analysis procedure, , 




. Publislied procedures were found: to permit only a marginal resolution' 
of asparagine, glutamic acid, and glutamine from each- other; this was also 
■ true of the resolution- of serine-threonine. These procedures were also • . 
inadequate for an- acceptable separation of the amino- acids cystine, methio¬ 
nine, homocitrulline, cystathionine, isoleuclue, and- leucine. Uomocitrulliine, 
which is present in both-urine and plasma, is completely obscured' by the, 
other amino acids in this region. /■;* \ 1 ■ • ’b 1 ’ . ; ■ . ...* 

Because of these inadequacies we have developed- a new,* improved method 
of analysis using lithium citrate buffers (36, 37). A three-buffer sequence * 
has been adopted for optimal resolution of all of the acidic and* neutral 
• amino acids normally found in physiological fluids. The resulting improved 
resolution of asparagine-glutamic acid-glutamine has been especially useful ■ 
in our amino acid deprivation studies oil leukemia using asparaginase and 
glutaminase, ‘ v ' * • v, * - * * ■••• • • * • . 


An improved analytical method- has also been devised for the chromatography 
of the basic amino acids found in physiological fluid samples, particularly W* 
blood plasma (36, 37)* With this revised method, excellent resolution of .* • : 

all known basic components is achieved, A significant advantage of this new . 
system for the basic amino acids is that it has allowed us to resolve and 
’demonstrate the presence of a new amino acid, E-N u methyllysine,‘*in mouse \>*: 

plasma (5, 11). ‘ ■. * . * v ■* .. / T 

Appropriate changes in valves, timers, and other control equipment have 
been made to incorporate the above modifications into the overall, routine 
automatic analysis of physiological fluid samples, ' ' . • 

An- increase in sensitivity has been achieved with the Model 120B by 
using cuvettes which have a flow path of 20’ mm in the. photometer. This has 
been facilitated through the use of new non-darkening incandescent lamps ' 
with a tungsten-iodide filament (37). 

The procedure most widely used in the past for the deprotcinization of 
.physiological fluids-, and tissue extracts, that are to be subsequently analyzed 
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blood which are available from mice, and is based on the procedure described 
by • Glick, et at (Endocrinology ’74:653H355-» 1964) . The orbital bleeding pro- • 
•u|?^?ij^-W’ ce dhre which is used exclusively in routine bleedings in- our laboratory, > */*•' 
50 to 100 yl quantities of plasma. Our procedure has been designed ‘ . 
50 yl plasma samples and thus either single or duplicate assays on ‘ * 

: blood from a single mouse may be performed as desired 1 . The method gives 

accurate and dependable results using sample quantities of corticosterone 
;> :that may range from 0.5 to 50 ng (10 to 1000’ng/ml) . Since there is some 
* ^ orma l biological variation in individual mice, many of our experiments ■ 

utilize groups-of 5 to lOmice. The corticosterone assays are run in dupli- 
•^^i^iv^T-cate, . -triplicate, or quadruplicate on plasma pools obtained from such 
: - groups. * ' .‘V • *• -■ . y -* \ , 

*•>?" ;r.\V Washing of Glassware . This is a critical step in any fluorimetric 

procedure and particularly so in a micro assay. The procedures which we use 
*?: yv';have been chosen after extensive evaluation to provide thorough cleaning - 

•r^Vv';-\. ( and fc ^ us minimum interference)- and yet permit reasonably rapid routine 

procedures using 12 or more assays per batch. All’glassware is first rinsed 
t or soaked in Liquinox cleaning solution. Glassware that has not been in 
.contact with plasma or corticosteroid standards is then rinsed* in tap water 
.10 times, deionized distilled water 3 times, and acetone (from a polyethylene 
wash bottle) 3 times. After air drying (not to exceed 20 minutes), the 
items of glassware are covered with Saran film or enclosed in containers, 
t0 prevent contamination from airborn particles and vapors. Since we have 
.,determined that "disposable 11 Pasteur pipetts and culture tube cuvettes . 

be prewashed before use, we routinely clean and use these items repeatedly. 
Non-heparinized bleeding tubes are washed on a neoprene adapter in lots of 
' 24 and then heparinized with sodium heparin. The extraction tubes (Corning 






• ■ ‘ 


* i’-j-I .> 







*’stainless steel basket in chromic acid cleaning solution (made by adding 70 ml 


, .v. of a saturated solution of sodium dichromate to two liters of technical grade 
-sulfuric* acid) a minimum of two hours but usually overnight. - They are then 
p'..' rinsed and stored as described above. . * . ■ ■ ■ • 

*r . Reagents > All organic reagents; are purchased as "Reagent Grade" and are 
' distilled before use. This includes- acetone, absolute ethanol, chloroform, 
methylene chloride and carbon tetrachloride. Inorganic reagents are of 
Reagent Grade, and> where water is used, it is of deionized-distilled quality. 

The acid-alcohol reagent which is used to develop* fluorescence, forms 
■ a critical part of the overall procedure. A 2:1 volume/volume ratio of 
sulfuric acid to ethanol has been found* to give maximum fluorescence with 
corticosterone and minimum fluorescence with* interfering substances found 
in plasma. It is mixed in a glass-stoppered* Erlenmeyer flask which is partially 
immersed in a crushed ice bath. It is important to keep the reagent cold 
. during mixing and subsequent storage to* provide low background- blanks-. 
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10. . FACILITIES AVAILABLE 


Y Adequate physical facilities composed' of 16 modules of laboratory space,, are 
available to the Department of Microbiology where** these studies will be carried out. 
suite of five rooms (approximately 1,000 sq. ft,), are available for’experimental 
^....animal studies. This includes two animal rooms: ("clean" and yirus-infected) with 
ih' special ventilated shelves for securely housing normal and infected mice and other 
-i£X«££' : experiment a L animals (sec separate description' of these facilities). Adjacent to 
animal quarters are two rooms for laboratory operations, These rooms connect 
*^^:with either Lhe "clean" or virus-infected animal rooms, providing an* airlock and 
contamination barrier. Ani additional room* is. available for the safe storage and 
Preprocessing of food, bedding, cages, etc. '* ^ . . 

u . Six additional laboratories are available (approximately 2,000 sq. ft.) for 
carrying out the specialized research activities described in this application, A 
Y’* walk-in cold room,, photography darkroom;, and other standard laboratory facilities 
^5:- arc available, including facilities' for gloss washing and sterilizing. Services of 
‘.Y .■ a fully, equipped instrument shop are aval lab lie at the adjacent Medical Center. 

*** </'■ Available, office space includes a two-module room for Departmental activities, 

.r: ... and additional rooms’ for administrative, accounting, and 1 secretarial operations. 

,1 : The Department provides a small reference library , including current journals that 

are related to cancer research.’ . \ . .... 

... Comprehensive laboratory facilities of a modern 500-bed hospital can also be 
^ '‘" called upon for special needs. ' 

Two fully automated amino acid! analyzers (Beckman Models 1201) and* 120C) equipped 
' '..-.with digital integrating computers have been purchased for the use of the Department. 
r These are essential instruments for studies such as. proposed in this project. 

Tw° Warburg man one trie instruments, complete with calibrated glassware, are 
available for enzymic or other metabolic studies on normal and neoplastic cells. 

./ ...A laboratory equipped for cell culture operations is a part of the Departmental 
facilities. Electron microscope facilities are available in the Foundation. 

. v '' ^ ‘.4..-.. \ -■ >*._v . ^ «/>:-. t .. * 

Following are additional items of equipment available for these studies: 

Cary Recording. Spectrophotometer Model 11 . 

Y-* ;• Ca«ry Recording spectrophotometer Model 15 •’ ' .. • r ’ * 

Intern at ion a l Refrigerated Centrifuge . 

’ ^ . Spinco Uili r a cent r ifuge , • • 

: Corning pH Meter. (A dligit) *’ . 

Orion pH Meter (5 digit); . . • . • 

Photographic Equipment * 

Coulter Counter, with Plotter 
• * Incubators * 

Tissue Culture Inverted Microscope 
Research Microscopes (several) 

Zeiss Phototnlcroscope •• 

Automatic Pipettes 

Mettier Balances (various types) - 

• Microtiter Equipment * 


Additional facilities, required: 


NONE. 
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